HEART REMODELING in the form of left ventricular hypertrophy (LVH) is very common during hypertension and is considered as the first step toward myocardial infarction or heart failure (23) . Indeed, the development of LVH in hypertension is often regarded first as an adaptation to increased workload, while the transition to heart failure reflects the loss of efficacy of this process. Various factors are involved in the development of LVH including cardiac workload and neuro-humoral factors such as the cardiac sympathetic drive and the renin-angiotensin-aldosterone system (RAAS), which may affect the cardiac workload through increases in vascular tone and volemia and directly stimulate hypertrophy through specific cardiomyocyte receptors. In addition, the large variety of genes and pathways involved in cardiac growth alterations in animal models such as transgenic mice and genetic inheritance in humans supports the evidence for a genetic contribution to LVH (1, 8, 12, 19) . Natural history of LVH during hypertension may thus be viewed as the succession of three phases: development, stabilization, and failure, where workload and environmental and genetic factors interfere to produce the phenotype. The first phase is mostly studied using aortic banding models, which produce an abrupt and sustained increase in left ventricle pressure associated with variable activation or inhibition of the RAAS and the sympathetic drive according to the position of the stenosis relative to the renal arteries and the aortic arch. Alternatively, comparisons of spontaneously hypertensive rats with their control strain and/or studies of pharmacologically induced alterations in blood pressure and their consequences on LVH have been carried out.
LVH has already been analyzed using microarrays, studying acute or chronic LVH models (9, 16, 22, 30) or taking into account factors such as sex or temporal progression toward cardiac failure (20, 28) . Genes of interest have been proposed from the lists of differentially expressed genes. However, until now, to the best of our knowledge, no direct comparison of heart transcriptome has been undertaken simultaneously in different spontaneously hypertensive rat models, the only comparative LVH study being done in transgenic mice (2) .
The aim of the present work was to test the hypothesis that high blood pressure (BP) results in a cardiac-specific gene expression pattern independently of other factors including genetic ones. For this purpose, we analyzed global gene expression in the left ventricle of three different hypertensive rat models and their respective controls at an early stage of LVH development using high-density microarrays. We used two genetically derived rat hypertensive inbred strains: the spontaneously hypertensive rat of the Okamoto strain (SHR) selected from a Wistar-Kyoto (WKY) population, and the Lyon hypertensive strain (LH) with its Lyon low blood pressure (LL) control strain. These latter represent two inbred strains belonging to the extremes of the BP distribution of the original population (27) . The last model is a transgenic rat harboring heterozygous for the mouse Ren2 gene [TGR(mRen2)27], which leads to a fulminant hypertension, and its nontransgenic littermate, providing a model where a single pathogenic mechanism involving renin is involved in all phenotypic alterations (17) .
MATERIALS AND METHODS

Animals
All procedures were performed in accordance with the National Research Council's Guide for the Care and Use of Laboratory Animals. They were conducted by an investigator licensed to experiment on animals (GB). Male rats from the three different models were studied at 12 wk of age. SHR (n ϭ 5) and WKY (n ϭ 5) rats were obtained from IFFA-Credo (Les Oncins, France). LH (n ϭ 5) and LL rats (n ϭ 5) were obtained from the breeding colony of Centre National de Recherche Scientifique (CNRS) FRE 2678, Lyon, France. Transgenic heterozygous TGR(mRen2)27 rats (TGR ϩ/Ϫ ), resulting from the insertion of the mouse Ren2 transgene within a SpragueDawley Hanover genetic background, were obtained from our own colony (n ϭ 6) maintained by crossbreeding transgene positive males with nontransgenic sibling females. Nontransgenic littermates (TGR Ϫ/Ϫ ) were used as controls (n ϭ 6). Systolic BP was measured by tail-cuff plethysmography (IITC, Woodland Hills, CA) the day before death. Rats were anesthetized with pentobarbital sodium, and hearts were extracted, weighed, and immediately dissected in atria, right ventricular free wall, and left ventricle containing both the free wall and the septum. Each tissue sample was quickly dried, weighed, flash frozen in liquid nitrogen, and stored at Ϫ80°C for later extractions. Left ventricular mass index (LVMI) was calculated as the ratio of left ventricle mass to body weight.
Total RNA Isolation and Real-Time RT-PCR Analysis
Total RNA was extracted from left ventricular tissue using Trizol Reagent (Invitrogen, Carlsbad, CA) and treated with DNase (Deoxyribonuclease I, Amplification Grade, Invitrogen). Quality and concentration of total RNA were assessed by capillary electrophoresis (Agilent Bioanalyzer 2100; Agilent Technologies, Waldbronn, Germany). Reverse transcription was performed using random hexamers as primers (pdN6; Amersham Biosciences, Piscataway, NJ) and RT (Superscript II RNase H, Invitrogen), using 2 g of total RNA in a total volume of 50 l. Quantitative real-time RT-PCR was performed for selected gene transcripts with a MyiQ thermal cycler (Bio-Rad Laboratories, Hercules, CA). Real-time RT-PCR was performed using the resulting cDNA (0.5 l) as template, iQ SYBR Green Supermix (Bio-Rad Laboratories), and the appropriate set of primers (Table 1) in 96-well microtiter plates. Two-step RT-PCR real-time amplifications were carried out as follows: 3 min at 95°followed by 10 s at 95°a nd 45 s at 60°. For each sample, PCR was performed in duplicate. Dilutions of control template were used to generate the standard curves for each target gene in triplicate. Cycle threshold values were calculated for the different products with Optical System Software v1.0 (Bio-Rad Laboratories). Expression levels obtained from the standard curves were normalized against 18S rRNA. All genes to be validated were quantified on the same tissue and/or mRNA samples as those analyzed by microarray.
Microarray Experiments
Affymetrix GeneChip Rat Expression Array RAE230A [15, 866 genes and expressed sequence tags (ESTs)] was used (Affymetrix, Santa Clara, CA) and processed on the Affymetrix platform of the Strasbourg Genopole. Each gene or EST is represented on the chip by 11 probe pairs of perfectly matched (PM) or mismatched (MM) 25-bp oligonucleotides. Expression data were obtained from Affymetrix Microarray Suite 5.0 software. For each probe set, the average PM-MM value was taken into account in association with information about signal detection (Present, Marginal, Absent) resulting from statistical comparison of the 11 PM-MM values to the background intensity. This comparison indicated whether a particular cRNA was actually detected (Present), marginally detected (Marginal), or not detected (Absent). Data have been submitted to ArrayExpress database with accession number E-MEXP-357.
Gene Expression Data Analysis
Only genes called Present in the transcriptome of all tissue samples (6,400 genes) and a few genes called Present in all the rats of one group and Absent in all rats of the corresponding complementary group (52 genes) were included in this analysis. Normality of the distributions of expression values obtained over the 32 rats was tested for each gene with the Shapiro-Wilk W-test using an alpha error risk of 0.01. Expression data distributions were found normal for 6,017 of the 6,452 studied genes. Therefore, no further data transformation was applied.
Data clustering. Hierarchical clustering of rats or of subsets of genes was performed using the 6,452-gene or the 32-rat expression vectors, respectively. The expression profile data clustering and analysis software (EPCLUST; http://ep.ebi.ac.uk/EP/EPCLUST/, European Bioinformatics Institute) was used. The Pearson correlation coefficient (r) was chosen to compute distances between expression vectors (d ϭ 1 Ϫ r), and the unweighted pair group method with arithmetic mean (UPGMA), based on average distance clustering, was used to build the hierarchical tree.
Statistical analysis of expression data. For each gene, the comparison of expression data between hypertensive and control rats was done with the significance analysis of microarrays (SAM) 1.21 software (Stanford University Labs, Stanford, CA), designed to deal with multiple comparisons. The false discovery rate expressed as q-value was used to evaluate statistical significance, and its threshold was set at 0.10. No threshold was set for fold change. Genes differentially expressed were investigated using 1) a multiclass analysis to test differences between several groups of rats, either between the three normotensive rat models to evaluate genetic variability or between the six groups of rats to detect genes with steady expression, and 2) a two-class analysis within each pair of hypertensive and normotensive groups to specify expression changes in each model. The lists of differentially expressed genes obtained were then compared with identify shared or model-specific markers of LVH.
Relationships Between Gene Expression and LVMI Phenotype
Linear correlation between LVMI and expression level was tested for each of the 15,866 genes spotted on the microarrays using data from the 32 studied rats to identify a set of genes whose expression changes are associated with LVMI changes. The Pearson correlation Values are means Ϯ SE. TGR ϩ/Ϫ , heterozygous transgene positive TGR(mRen2)27 rats; TGR Ϫ/Ϫ , transgene negative littermates; SHR, spontaneously hypertensive rats; WKY, Wistar-Kyoto rats; LH, Lyon hypertensive rats; LL, Lyon low blood pressure rats; SBP, systolic blood pressure; Bw, body weight; LVw, left ventricular weight. *P Ͻ 0.05 vs. control rats for each model. veloped at Stanford University was used to position on chromosomes the selected genes and their expression level.
Standard Statistical Analysis
Data are given as means Ϯ SE, and statistical analyses were performed with Statistica 6.0 software (StatSoft, Tulsa, OK). The comparisons of cardiovascular variables and of global microarray data among all the groups were made with the nonparametric KruskalWallis test, followed by the nonparametric Mann-Whitney U-test for post hoc tests. Comparisons of mRNA levels obtained by quantitative RT-PCR (qRT-PCR) used the nonparametric Mann-Whitney U-test. Comparisons of gene distributions across the chromosomes were made with a chi-square test for distributions including more than five genes on each chromosome.
RESULTS
Cardiovascular Parameters and Expression Data in the Left Ventricle
Hemodynamic and heart characteristics in the different groups of rats are summarized in Table 2 . SHR and TGR ϩ/Ϫ rats had similar high levels of systolic BP. In the Lyon strains, LH rat hypertension was less severe, and LL rats had the lowest systolic BP. LVMI was significantly higher in all of the three hypertensive groups compared with their controls, with less marked LVH in LH rats than in SHR and TGR ϩ/Ϫ rats. Although differences in weight between hypertensive and control rats could be noticed in LH and TGR ϩ/Ϫ rats, LVMI values were in accordance with previous reports in the three models (15, 18) . LVMI was highly positively correlated to BP among the different groups (Fig.  1A) . About 50 -60% of the transcripts were declared Present in each group, and their average signals showed Ͻ10% variation between the groups ( Table 2 ). The 6,452 selected transcripts represented 40.7% of the coding sequences spotted on the microarrays.
Assessment of Interstrain Variability of Transcript Levels
Comparing the three groups of normotensive rats, SAM multiclass analysis identified 4,129 (64%) of the 6,452 selected transcripts showing significant differential expression between the three control groups, pointing out the large extent of interstrain variability of gene expression. Cluster analysis of all rats according to expression of the 6,452 selected genes also highlighted interstrain variability as shown by the hierarchical tree (Fig. 1B) . Indeed, following the horizontal axis expressing the distance between expression profiles, hypertensive and normotensive rats from the same model were first assembled at a low distance and finally clustered according to their genetic background.
Conversely, multiclass SAM analysis comparing the six groups of rats allowed detection of genes with low intergroup variations corresponding to the largest q-values. A set of 191 genes with q-value Ͼ25% was selected to be considered as housekeeping genes in myocardium and may subsequently serve for interexperimental data normalization (Supplemental Table 1 ; Supplemental Materials are available in the online version of this article).
Differentially Expressed Genes in Hypertensive Rats from Each Model
Variability in gene expression was also observed for several LVH markers (Fig. 2) . At this early stage of LVH development, only certain markers were differentially expressed in the various hypertension models. Atrial and brain natriuretic peptides (Nppa and Nppb) showed increased expression in TGR ϩ/Ϫ and LH rats, reaching statistical significance only for Nppa in TGR ϩ/Ϫ rats. The ATPase, Ca ϩϩ transporting, slow twitch 2, Atp2a2, alias Serca-2, transcript was less abundant in SHR compared with WKY rats but showed no difference in the two other comparisons. The myosin heavy chain shift was not detected.
The main features of the genes differentially expressed in TGR ϩ/Ϫ , SHR, and LH rats compared with their respective controls (TGR Ϫ/Ϫ , WKY, and LL rats) are given in Fig. 3 . Mean expression ratios of differentially expressed genes were similar in the three models (SHR vs. WKY, 1.21 Ϯ 0.05; LH vs. LL, 1.27 Ϯ 0.14; TGR ϩ/Ϫ vs. TGR Ϫ/Ϫ , 1.28 Ϯ 0.05; ANOVA, P ϭ 0.92). Expression ratios Ͼ2 or Ͻ0.5 were observed for a larger number of genes in SHR (45 genes) and LH (37 genes) rats than in TGR ϩ/Ϫ rats (4 genes) ϩ/Ϫ (n ϭ 6), WKY (n ϭ 5), SHR (n ϭ 5), LL (n ϭ 5), and LH (n ϭ 5) rats, using similar mRNA samples for both methods. For each, i.e., TGR ( Fig. 3A) . A large number of genes were differentially expressed in SHR vs. WKY or in LH vs. LL rats, whereas in TGR ϩ/Ϫ vs. TGR Ϫ/Ϫ rats, this number was dramatically lower (14-to 18-fold). The Venn diagram (Fig. 3B ) summarizes these results, showing that only four genes were common to the three comparisons. Three of them, follistatin-like 1 (Fstl1), coding for a binding protein for transforming growth factor superfamily (antagonist of activin signaling), phosphoglucomutase 1 (Pgm1), involved in the early glucose metabolism and storage, and an EST (accession no. BI295828) highly similar to synaptopodin 2-like predicted gene (Synpo2l), had increased expression in TGR ϩ/Ϫ rats but decreased in either SHR or LH rats. The fourth gene, Siat7A, coding for sialyltransferase 7A, adding neuraminidic acid residues to glycanes, was overexpressed in the three hypertensive groups with similar mean expression ratios (1.31 to 1.33). Expression changes of these four genes are given in Fig. 4 and have been confirmed by qRT-PCR. Validation of microarray expression is given as well for Nppa and Atp2a2 genes.
Among the 67 distinct genes showing expression changes in TGR ϩ/Ϫ rats (Table 3) , only a few genes involved in cellular growth (connective tissue growth factor, Ctgf; transforming growth factor beta 2, Tgfb2), extracellular matrix (ECM) (thrombospondin 2, Thbs2), or cytoskeleton (tropomyosin 1), as well as Nppa, had increased expression by Ͼ50%. A large number of genes involved in metabolism showed weaker expression increases. Only 16 genes showed decreased expression, by 16 to 38%, including 9 genes involved in metabolism. Hierarchical clustering of these genes (TGR clustering, Fig. 5 ) showed that 1) the four probes targeting the same EST (BF561368 similar to C11orf17 protein, targeting RGD1306959 unknown gene) were clustered at a very low distance, 0.08, corresponding to a high Pearson correlation coefficient of 0.92, and 2) cutting the hierarchical tree at a distance of 0.292, corresponding to a Pearson correlation coefficient of 0.708 (P ϭ 0.01, n ϭ 12), led to six clusters containing at least five genes. Interestingly, Siat7A was clustered with Tgfb2, cyclin D1 (Ccnd1), CD151 antigen (Cd151), and melanoma cell adhesion molecule (Mcam), which are involved in various cell processes from cell adhesion to regulation of cell cycle, and Nppa was found close to Fstl1 and to two serine protease inhibitors, Serpinf1 and Serping1.
Genes differentially expressed in both TGR ϩ/Ϫ rats and SHR or LH rats may identify pathways common to the different models (Table 3) . Distinct genes were detected for SHR and LH rats. Of the 20 genes common to SHR and TGR ϩ/Ϫ rats, 9 were overexpressed in both, including four and a half LIM domains 1 (Fhl1) and arginine vasopressin-induced 1 (Avpi1) genes. Interestingly, one predicted gene, similar to C11orf17 protein, had twofold increased expression in both SHR and TGR ϩ/Ϫ rats and was moreover correlated with LVMI, pointing thus to its potential implication in LVH development. Several genes, including Nppa and Ccnd1, exhibited opposite variations of expression in SHR and TGR ϩ/Ϫ rats. In a similar way, of the 14 transcripts common to TGR ϩ/Ϫ and LH rats, Hspb3, member 3 of the heat shock 27-kDa protein family, Gadd45a (growth arrest and DNA damage-inducible 45 alpha), and Prss23 (protease serine 23) were overexpressed in both models, whereas Ech1 (enoyl-CoA-hydratase) was underexpressed.
qRT-PCR Validation of Microarray Expression Changes
Microarray expression changes were validated by qRT-PCR for the following six genes: Nppa, Atp2a2, Siat7A, Pgm1, Fstl1 genes, and Synpo2l predicted gene. Figure 4 gives the mRNA levels obtained with both methods for each of the six groups of rats. All expression changes that were found significant with microarray analysis were also found significant with qRT-PCR, in the same direction with much more important changes. In addition, unchanged expression of Nppa in LH rats was detected as significantly increased with qRT-PCR. Similarly, unchanged expression of Atp2a2 in TGR ϩ/Ϫ and LH rats was detected as significantly reduced in TGR ϩ/Ϫ but increased in LH rats.
Genes Correlated with LVMI
Correlation analysis between LVMI and gene expression was performed over the 15,866 genes spotted on the microarrays. It disclosed 57 and 50 transcripts positively and negatively correlated to LVMI, respectively ( Table 4) . Most of these genes (63%) did not show any statistically significant difference whatever the expression comparison between hypertensive and normotensive rats. Figure 6 gives scatterplots and regression lines obtained for some genes, showing positive or negative correlations between expression and LVMI.
The positively correlated transcripts were mostly genes involved in metabolism, cytoskeleton, ECM, or cell growth, with Siat7A and Tgfb2 showing the highest correlation coefficients. The negatively correlated transcripts were mostly metabolism and cytoskeleton genes, as well as signal transduction genes such as G protein ␤3-subunit (Gnb3), 
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Physiol Genomics • VOL 27 • www.physiolgenomics.org RASD member 2 (Rasd2), and MAP kinase kinase (Map2k6), or alpha1B adrenergic receptor (Adra1b). Interestingly, when clustering all gene transcripts correlated to LVMI, these four genes were grouped with a high correlation, suggesting the existence of a coordinated regulation at different levels of the G protein-coupled MAP kinase pathway (Supplemental Figure) .
Chromosomal Localization of Selected Genes
Using Caryoscope software, all differentially expressed genes and all genes correlated to LVMI were positioned along the chromosomes. Differentially expressed genes were widespread on the different chromosomes, representing 4 -11% of spotted genes for each chromosome in SHR and LH strains, with the largest percentage for chromosome 20 (10.3% and 11.7%, respectively), followed by chromosomes 9 and 18 in SHR and chromosomes 6 and 16 in LH rats (7.5-9.9%).
Comparison of the distributions of the differentially expressed genes and of the whole set of probes of the array across the chromosomes showed that they were different for both SHR (P ϭ 0.003) and LH rats (P ϭ 0.026). Therefore, the large percentages of genes observed on some chromosomes were not due to hazard. The number of genes selected by the TGR ϩ/Ϫ comparison or the correlation between expression and LVMI was much lower, leading to percentages of spotted genes between 0.2 and 1.6%. The largest percentage was obtained for chromosome 13 for TGR ϩ/Ϫ rats and for chromosome 11 for LVMI correlation.
Twenty preferential chromosomal regions were selected based on the joint presence of differentially expressed genes in the three hypertensive models and of genes correlated to LVMI (Fig. 7) . These regions, spanning 0.8 to 8.3 Mbp, were shared out in 11 of the 21 chromosomes. In each selected region, the proportion of detected genes ranged from 9 up to 50% of the known genes in the region, with 22% as mean value. Interestingly, most of these regions were within BP or cardiac mass QTLs identified in SHR or LH rats available from RGD. The fraction of regions within QTLs was higher than the calculated probability of inclusion of the regions in QTLs by chance for 8 of the 11 concerned chromosomes (Supplemental Table 2 ). It was lower for chromosomes 4 and 11, in which our selected regions were not within any QTL, and no QTLs have been identified on chromosome 15 for the studied rat strains. Chromosomes 1, 2, 5, and 10 were overrepresented with three regions each. Interestingly, Siat7A belongs to the 106.1-to 110.0-Mbp region on chromosome 10.
DISCUSSION
In this study, by examining global gene expression in the left ventricle of young adult rats of three models representative of polygenic and monogenic hypertension with Affymetrix GeneChips, we showed 1) Siat7A as an important factor overexpressed in all three studied models, the expression of which is positively correlated with LVMI; 2) a set of genes presenting quantitative relationships between LVMI and expression levels across the different models studied; and 3) specific chromosomal locations where several genes associated with LVH are concentrated.
The use of young adult animals allowed us to investigate an early stage of LVH development, before the onset of any heart dysfunction. The high correlation between LVMI and systolic BP over the six groups of rats clearly indicated that, independently of the genetic background, cardiac muscle mass adapts to the workload. However, the overall variability of heart transcriptome is mainly model dependent, hypertension being clearly hidden behind the strain factor as shown by the rat clustering. This result suggests that each hypertensive model develops its own transcriptional adaptations in the frame of its genetic background.
The comparisons of expression levels between hypertensive and normotensive rats for each model showed that expression changes were low, since a very limited number of transcripts displayed expression ratios higher than 2 or lower than 0.5. This may be related to the underestimation of expression changes found with the microarrays, since qRT-PCR gave similar but much more marked changes for all the validated genes. Statistical significance could be detected in certain cases for which microarray analysis did not reveal any change. In addition, microarrays may show limited sensitivity for low-abundance mRNAs, such as those previously studied by our team (14, 15) . However, SHR and LH strains exhibited more differentially expressed genes and much higher or lower extreme expression ratios than TGR ϩ/Ϫ rats. This may result both from the selection process of SHR and LH rat strains and from the polygenic character of hypertension in these rats contrarily to TGR ϩ/Ϫ rats, which differ from their controls only by one additional gene. Our results pointed out several classical markers of LVH that were detected in at least one group of hypertensive rats. However, Nppa was clearly underexpressed in SHR compared with WKY rats, and this decrease was confirmed by qRT-PCR. This result has already been shown in SHR between 8 and 20 wk of age (3). Reduced expression of Atp2a2 was observed in SHR with microarrays and in TGR ϩ/Ϫ rats with qRT-PCR only, in accordance with previous studies in mice with angiotensin II treatments (16) or, to a lesser extent, with aortic constriction (30) or in doubletransgenic rats harboring the human angiotensinogen and renin genes (29) . The classical shift in myosin heavy chain composition was not detected (6, 25) with the microarrays. This may be a consequence of the loss of linearity between signal detected and mRNA amount for high expression levels.
Among the 6,452 studied transcripts, Siat7A was the only gene that was repeatedly overexpressed in the three hypertensive models and correlated to LVMI. Thus this sialyltransferase could be considered as a potential specific marker for hypertension-induced LVH. Interestingly, serum sialic acid has been proposed as a marker of cardiovascular morbidity (13) , and heart sialic acid content was shown to be increased during heart failure (7). TGR clustering showed that Siat7A was closely associated with other overexpressed genes, such as Tgfb2 and Mcam, contributing to ECM, thus suggesting that these genes share common causes and may be involved in LVH initiation. Positive correlation between LVMI and expression level observed for Tgfb2 and several ECM genes (thrombospondin 2 and 4, Thbs2 and Thbs4; or tissue inhibitor of metalloproteinase 1, Timp1) may be similarly interpreted. Fstl1 was found overexpressed in TGR ϩ/Ϫ rats but underexpressed in the two hypertensive inbred strains. By use of microarrays, expression of Fstl1 has been shown to be increased in 20-mo-old SHR (20) and in some mouse models (2, 30) but decreased in another mouse model with less severe LVH (2). Fst1 was closely associated with Nppa and two serine peptidase inhibitors in TGR clustering. Because Nppa is now considered a counterregulatory mechanism during LVH (4, 5) and Fstl1 belongs to a family of inhibitors of transforming growth factor signaling, the whole cluster may act as a counterregulation of LVH.
Taken as a whole, our results could suggest that small changes within regulatory networks rather than large changes in a single molecular complex may be common to different hypertension models. Indeed, detailed analysis of the genes selected from the different comparisons highlights the fact that similar regulations may be achieved through different target genes. For example, Ccnd1 was underexpressed in SHR rats, possibly contributing to a blockade in the G1B phase of the cell cycle, which is typical of cardiomyocyte hypertrophy. The same blockade may be mediated in the two other models by an increase of Gadd45a mRNA, whose encoded protein is known to bind cyclin D1 and to block its function. Likewise, monoaminergic transmission through a catecholaminergic pathway may be downregulated, as suggested by the increased expression of Maoa in SHR and LH rats and the negative correlations of Adra1b, Gnb3, and Map2k6 expression with LVMI. Testing LVMI as a linear predictor of mRNA level took into account the interstrain variability and thus allowed the selection of genes whose expression is quantitatively related to LVMI regardless of the genetic background. Whatever the direction of causality, 1) these genes are candidate markers of LVH in hypertension, and 2) genetic variations of expression of these genes, if translated into modified protein activity, could interfere with LVH development in hypertension. Some genes such as Timp1, Dscr1, Thbs4, and Thbs2 had expression levels correlated with LVMI and were, moreover, differentially expressed in at least one group of hypertensive rats, in accordance with other microarray studies (10, 16, 20, 21) . Another set of genes was uncovered that did not exhibit any significant difference in expression between hypertensive and normotensive rats and thus may also represent good "candidates" more closely associated with LVMI changes, regardless of the genetic background. For such genes, the high degree of correlation with LVMI is not explained by large variations between hypertensive and normotensive rats but rather by both intra-and intergroup variability, the latter mainly accounting for correlation. These genes may not yet have significant expression changes at this early stage of LVH development.
Positively correlated genes such as Tgfb2 and ECM genes may be causal in LVH development. By contrast, the negatively correlated genes relative to cardiac signaling pathways (Map2k6, Gnb3, Rasd2, and Adra1b) may be involved in a negative regulation following LVH formation. Most of them have already been associated with LVH (26, 28) . These transcripts could be directly associated with a G protein-coupled pathway involved in cardiomyocyte growth. In addition, the presence of genes coding for proteins involved in RNA and DNA editing such as NonO/p54nrb (Sfpq), ribonucleoprotein B (Snrpb2), and Siah-binding protein (Siahbp1) suggests that these splicing-related genes may have a global activating/inhibiting influence on the chromosomal regions identified in this study.
Various altered gene expressions across the different models may arise from the genetic effects on transcript abundance of cis-and trans-acting factors. Hubner et al. (11) identified cis-and trans-acting expression QTLs (eQTLs) in kidney and fat of SHR and Brown-Norway recombinant inbred hypertensive rat strains. Interestingly, the Adra1b region on chromosome 10 was described as a cis-acting eQTL in the kidney. Moreover, 6 of our 20 chromosomal regions of interest contained cis-acting eQTLs described in both kidney and fat (11) . Thus the genes identified in this study and located within these cis-acting regions may be particularly interesting and should be investigated further.
In conclusion, we have shown that hypertension-induced LVH at an early stage is not associated with a unique pattern of cardiac cell reprogramming but with minor changes in gene expression that seem to be maintained within the interstrain variability. The only common gene overexpressed in the three rat models is Siat7A, coding for a sialyltransferase. Genes whose expression is correlated with LVMI also may represent other genes associated with LVH development. Finally, chromosomal regions gathering together genes with altered expression in relation to hypertension or LVH were identified within BP and cardiac mass QTLs, thus pointing to candidate regions for hypertension. 
